Objective: To assess the association between exposure to movie smoking and established adolescent smoking.
R
ECENT STUDIES HAVE IMPLIcated exposure to smoking in movies as a risk factor for initiation of cigarette smoking. 1 -6 Epidemiologic research indicates that the association of movie exposure with adolescent smoking shows a dose-response relation, that the movie exposure effect is independent of other risk factors for smoking, and that movie exposure precedes the initiation of smoking behavior. 2, 3, 7 Smoking initiation during early adolescence is a sentinel event, indicative of risk for continued smoking and difficulty in subsequent cessation. [8] [9] [10] However, not all adolescents who try smoking go on to become dependent smokers; half of high school seniors have tried smoking at some time, but only 7% are current daily smokers of half a pack or more. 11 Longitudinal studies show that many adolescents remain at low levels of experimentation while others show steady escalation in frequency and intensity of use 12, 13 ; in one study of 164 smoking initiators (mean age, 12.6 years), 34% had progressed to high-frequency smoking while 38% remained sporadic smokers and 29% were abstinent at follow-up. 14 Little is known about the factors that discriminate adolescents who progress to dependent smoking from those who do not. 15, 16 Movies are a mass medium, designed to reach a large audience, and they deliver billions of impressions of smoking to US adolescents each year. 17 We hypothesized that movie-smoking exposure is a risk factor for entering later stages of smoking as well as for initiation. There are several grounds for this hypothesis. Among adolescents who are beginning to smoke, exposure to movie-smoking cues increases their positive expectancies about smoking. 18, 19 Exposure to smoking in movies is also associated with involvement in peer groups of adolescent smokers, who provide modeling and reinforcement for the behavior as well as greater access to cigarettes. 20 Early experimental smoking tends to be discontinuous, and an increased frequency of smoking can put adolescents at risk for loss of autonomy over intake. 14 The present research was designed to investigate the effect of exposure to movie smoking on transition to established smoking, an outcome closely aligned with nicotine dependence and one that predicts dependent adult smoking.
METHODS
A detailed description of the recruitment methods for study participants was published previously. 5 Briefly, between June and October 2003, we conducted a random-digit-dial telephone survey of 6522 US adolescents aged 10 to 14 years. We obtained parental consent and adolescent assent prior to interviewing each respondent and obtained a certificate of confidentiality protecting information on risk behaviors. All aspects of the survey were approved by the institutional review boards at Dartmouth Medical School and the survey research firm (Westat; Rockville, Maryland). The completion rate for the survey was 66%. To confirm that the sample was representative, we compared the distributions of age, sex, household income, and census region in our unweighted sample with those of the 2000 US Census and showed that they were almost identical. 
FOLLOW-UP SURVEYS
Three follow-up surveys were conducted at 8-month intervals. The flow of subjects for the hazard analysis is shown in Figure 1 . Subjects with complete data at the baseline survey (6295 of 6522, or 97%) were included in the hazard analysis until they either reported lifetime smoking of more than 100 cigarettes or missed their first follow-up survey. At each survey point, the hazard analysis risk-set "n" was therefore always smaller than the participation "n," which included established smokers, subjects who missed a prior assessment and were recaptured, and the 227 (3%) subjects dropped because of missing baseline data. Because missing baseline data was minimal, we decided not to use methods to compensate for baseline missingness (ie, multiple imputation). The adolescents lost to follow-up from baseline to the 24-month survey watched more movies per week, were more likely to view movies at a theater, were more likely to view movies with their parents, were higher on movie-smoking exposure, were more likely to have friends who smoked, were more likely to be of nonwhite ethnicity (black, Hispanic, or other), were less likely to have excellent school performance, and were more likely to have parents who smoked and parents with lower educational attainment. Baseline smoking status (never smoker vs any level of lifetime smoking) did not predict the overall hazard of attrition or attrition at any individual follow-up.
EXPOSURE MEASUREMENT
We estimated adolescents' exposure to movie smoking using previously validated methods. 3, 6, 21 We selected the top 100 US box-office hits per year for each of the 5 years preceding the baseline survey (1998-2002, n=500) and 34 movies that earned at least $15 million in gross US box-office revenues during the first 4 months of 2003. Older movies were included because adolescents often watch these movies on videos or DVDs. The computer-assisted telephone interview survey was programmed to randomly select 50 movie titles from the larger pool of 532 movies for each adolescent interview; 2 of the movies were asked of all the adolescents and are not included in the analysis. Movie selection was stratified by the Motion Picture Association of America rating so that the distribution of movies in each list reflected the distribution of the full sample of movies (19% rated G or PG; 41%, PG-13; 40%, R). Respondents were asked (no/yes) whether they had ever seen each movie title on their unique list. We have previously demonstrated that adolescents reliably remember movies they have seen 1 to 2 years prior to a survey. 6 Trained coders counted the number of smoking occurrences in each of the 532 movies using previously validated methods. 22 A smoking occurrence was counted whenever a major or minor character handled or used tobacco in a scene or when tobacco was being used by an "extra" in the background. Occurrences were counted irrespective of the scene's duration or how many times the tobacco product appeared during the scene. For example, in a 3-minute bar scene where 2 major characters used tobacco (one for 1.5 minutes, the other for 5 seconds) and another character was seen smoking across the room, we would have counted 3 occurrences. Most tobacco use involved cigarettes or cigars with fewer than 1% of occurrences involving spit tobacco. 22 To create a measure of exposure to movie smoking, we summed the number of smoking occurrences in films each adolescent had seen from his unique list of 50 movies. We then divided this number by the number of smoking occurrences that the adolescent would have seen had he seen all 50 movies in his unique list. This proportion was multiplied by the number of smoking occurrences in the entire parent sample of 532 movies to obtain the exposure measure. 
ASSESSING ESTABLISHED SMOKING
Assessment of established smoking was based on the question, "How many cigarettes have you smoked in your life?" (none, a few puffs, 1-19 cigarettes, 20-100 cigarettes, or more than 100 cigarettes). An adolescent who identified herself as a lifetime smoker of more than 100 cigarettes was defined as an established smoker. We validated the established smoking measure by its correspondence (in the 24-month survey) with other measures of smoking and addiction, including 30-day smoking, daily smoking, whether or not the adolescent considered herself a smoker, and 4 items (eg, "Have you ever felt you really needed a cigarette?" "Have you ever had strong cravings to smoke?") from the Hooked on Nicotine Checklist. 23 Each item had a binary (no/ yes) response and the composite measure was scored on a 0-to-4 scale. The Hooked on Nicotine Checklist strongly predicts continued smoking among adolescents 23 and has been shown to have high internal consistency and test-retest reliability.
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COVARIATES
Based on results from previous studies of adolescent smoking, 3, 6 we obtained data on a broad range of covariates. These included items for age, sex, race, parental education, selfreported school performance, extracurricular activities (level of participation in team sports, other sports without a coach, church or other religious activities, music or dance, school clubs, and other clubs), parent and sibling smoking, and peer smoking. We also included controls for other aspects of movie viewing besides seeing movie smoking. To account for overall movie attendance, we controlled for the number of movies watched each week as ascertained by the question, "About how many movies do you usually watch each week? Please include movies you see in movie theaters, on videotape or DVD, and on television" (none, 1 or 2, 3 or 4, 5 or more). Second, because adolescents who go to the theater often could be more exposed to other social influences to smoke there, we controlled for theatergoing as ascertained by the question, "How do you see most of the movies you watch? Do you watch most (a) in movie theaters, (b) on videotape or DVD, or (c) on TV channels or payper-view?" Third, because adolescents could be more or less responsive to movie content based on who they watch movies with, we accounted for parental presence in the movieviewing environment with the following question, "When you watch movies, how often do you watch them with your parents?" (never, once in a while, sometimes, most of the time).
Composite scores were obtained for measures of sensation seeking (eg, "I like to do scary things," "I like to listen to loud music," Cronbach ␣=.59) 25, 26 ; rebelliousness (eg, "I get in trouble at school," "I do things my parent wouldn't want me to," "I like to break the rules," ␣=.73) 27 ; and parenting style, 28 which is assessed with respect to the adolescent's mother and includes 2 domains, responsiveness (eg, "she listens to what I have to say," "she makes me feel better when I'm upset," ␣=.71) and demandingness (eg, "she checks to see if I do my homework," "she knows where I am after school," ␣=.59). For these variables, increases in the scale indicate that the adolescent has (or perceives his mother to have) more of the characteristic.
STATISTICAL ANALYSIS
The available data consist of a baseline survey and then 3 consecutive follow-up assessments at 8-month intervals. Thus, we were able to ascertain the onset of established smoking (Ͼ100 lifetime cigarettes) only at the 8-month (8M), 16-month (16M), and 24-month (24M) surveys. An incident case was defined as an adolescent who became an established smoker from the pool of those who were not established smokers at the previous survey. The multivariate association between exposure to smoking in movies and the hazard of established smoking onset at each of these time points was assessed using discrete time hazard regression to estimate hazard ratios for event occurrence. [29] [30] [31] To aid in comparison of the adjusted hazard ratios, continuous covariates were all scaled so 0 corresponded to the 5th percentile and 1 to the 95th percentile for their distributions, and extreme values in either direction were recoded back to 0 or 1. This allowed for better comparison of the effect size between continuous, dichotomous, and ordered categorical variables and also limited the influence of outliers for skewed variables. Participants were censored from the analysis after they became established smokers. Participants who never became established smokers were censored at the final time interval, and participants who dropped out were censored at the time interval prior to attrition. Censoring was assumed to be independent of the hazard of initiating established smoking, conditional on covariates included in the model (ignorable missingness assumption). 32 As a sensitivity check, we used a generalized additive model 33 with a logistic link function to check continuous predictors for nonlinear trends in predicting initiation. As another sensitivity check to ensure that the statistically significant moviesmoking effects were not a result of undercontrolling for 3 key psychological constructs (parenting style, rebelliousness, and sensation seeking) due to measurement error, the regression model was re-estimated using the individual items for each scale score as indicators of these 3 underlying latent variables. 34, 35 The model was parameterized as a standard latent variable model assuming normally distributed latent variables and residual influences. The latent variables were included as predictors along with the other observed covariates to predict initiation of established smoking. All these models were estimated using the Mplus program. 36 
RESULTS
EXPOSURE TO SMOKING IN MOVIES
Movie smoking was present in 74% of movies in the total sample of 532 movies. In accordance with previous findings, 21 the presence of movie smoking was directly associated with Motion Picture Association of America rating with smoking occurrences present in 25%, 44%, 77%, and 87% of G-, PG-, PG-13-, and R-rated movies, respectively. The 532 movies contained a total of 3795 smoking occurrences; estimated exposure to smoking in these movies among the adolescents was 500 occurrences (interquartile range, 210-954). For regression analysis, the movie exposure variable was scaled so that 0 corresponded to the 5th percentile of the distribution (25 smoking occurrences) and 1 corresponded to the 95th percentile (1811 smoking occurrences).
COVARIATES AND THEIR RELATION WITH EXPOSURE TO MOVIE SMOKING
At the baseline survey, 5637 (90%) of the adolescents were never smokers, 461 (7%) had smoked less than 1 cigarette, 135 (2%) had smoked 1 to 19 cigarettes, 29 (0.5%) had smoked 20 to 100 cigarettes, and 33 (0.5%) had smoked more than 100 cigarettes. Other baseline covariates of the study population appear in smoking. An association with movie-smoking exposure was significant for all the covariates at the PϽ.001 level. Exposure to movie smoking increased with older age; male sex; black race; smoking by peers, siblings, and parents; more weekly movie viewing; more movie theater viewing; less movie viewing with parents; and higher levels of sensation seeking and rebelliousness. Lower parental education, lower parent demandingness and responsiveness, poorer school performance, and fewer extracurricular activities were also associated with higher exposure to movie smoking. To account for these associations, we adjusted for these variables in the multivariate analysis.
VALIDATING THE ESTABLISHED SMOKING MEASURE
By the 24M survey, 125 adolescents had become established smokers at 1 or more of the follow-up surveys. To further characterize their smoking status, we examined their responses for other smoking measures at the 24M survey for the 108 adolescents who were not lost earlier to followup. Of these, 85% were current (30-day) smokers and 51% were daily smokers. With regard to symptoms of smoking dependence, 83% endorsed at least 1 Hooked on Nicotine Checklist loss-of-autonomy symptom and 53% endorsed all 4 symptoms included in the interview; so by the criteria of DiFranza et al, 37 almost all of these adolescents experienced symptoms of smoking dependence.
MOVIE-SMOKING EXPOSURE AND INCIDENCE OF ESTABLISHED SMOKING
The incidence of established smoking for each observation period, grouped by whether exposure to movie smoking was less than or greater than or equal to the median, is shown in Figure 2 . The incidence of established smoking was less than 6 per 1000 person-years for adolescents with below-median exposure to movie smoking compared with between 14 and 36 per 1000 person-years for those with exposure that was greater than or equal to the median. The crude incidence rate ratio (95% confidence interval [CI]) for movie exposure on incident established smoking was 12.6 (3.0-12.6); 6.4 (2.9-14.4); and 6.5 (3.0-13.8) for the baseline-to-8M, 8M-to-16M, and 16M-to-24M periods, respectively, with none being significantly different from each other. Tabulation of the transitions indicated that at the previous wave, 37% of the incident established smokers had smoked 20 to 100 cigarettes, 30% had smoked 1 to 19 cigarettes, 16% had puffed on a cigarette, and 17% had never smoked. Thus transitions to established smoking were predominantly but not exclusively among adolescents with prior smoking experience.
MULTIVARIATE HAZARD MODEL
After controlling for other baseline covariates, moviesmoking exposure significantly increased the hazard ratio for established smoking ( Table 2 ). The hazard ratio of initiating established smoking for teens at the 95th percentile for movie-smoking exposure (compared with teens at the 5th percentile) was 2.04 (95% CI, 1.01-4.12). Other significant predictors of incident established smoking included age, baseline smoking, parent or friend smoking, and sensation seeking. Protective factors included black or Hispanic compared with white ethnicity, extracurricular activities, and parenting style. Parental education, sibling smoking, poor school performance, rebelliousness, movies per week, viewing movies with parent, movie viewing venue, other nonwhite ethnicity, and sex were not significant predictors of established smoking in the multivariate model.
EFFECT MODIFICATION
The effect of exposure to movie smoking on established smoking was significantly stronger for adolescents at the 5th percentile for sensation seeking (12.7 [95% CI, 2.0-80.6]) compared with the effect for teens at the 95th percentile (1.01 [95% CI, 0.4-2.6]). Thus, the moviesmoking exposure effect was about 12 times larger for teens who were low on sensation seeking than for teens who were high on sensation seeking. This moderation effect is presented in Figure 3 , which illustrates the continuous decline in the adjusted hazard ratio for established smoking as sensation seeking increases. Abbreviations: DVD, digital video disc; TV, television. a Ordinal variables (movies per week, views movies with parent, age, parent education, poorer school performance) were scaled so that 0 equals lowest value and 1 equals highest value; continuous variables (movie-smoking exposure, parenting, extracurricular activities, sensation seeking, rebelliousness) were scaled so that 0 equals 5th percentile and 1 equals 95th percentile. 
SENSITIVITY ANALYSIS
Probes of nonlinear effects indicated that, of the continuous predictors, only movie-smoking exposure and sensation seeking had significant nonlinear effects on established smoking. These higher-order effects were rendered nonsignificant by the other predictors and the sensation seekingϫmovie exposure interaction. Results from models with polynomial contrasts indicated that none of the ordered categorical covariates had nonlinear effects on initiation. Additionally, the movie-smoking exposure effect on established smoking remained statistically significant when the 3 psychological covariate constructs were entered into the model as latent variables, lowering concern that measurement error for these variables was an issue.
COMMENT
This study showed that exposure to smoking in movies predicts established smoking, an advanced stage of smoking present in only about 3% of younger adolescents. The effect of movie-smoking exposure persisted after controlling for tried smoking at baseline and was independent of a number of demographic, social, individual, and other-media covariates. In addition, the effect was consistent across 3 observation points as the adolescents aged over a 2-year period. To our knowledge, this is the first study to link viewing smoking in movies with established adolescent smoking. Combined with previous findings showing that young persons who view more smoking in movies are at increased risk for initiating cigarette smoking, 3, 5 the present findings heighten concern about the public health implications of movie-smoking exposure by linking it with an outcome that predicts smokingrelated morbidity and mortality in the future.
Although this study demonstrated an effect of exposure to movie smoking on established smoking, it did not address possible mechanisms for the effect. The context of current theory and research suggests the most plausible explanation is that frequent exposure to smoking cues in movies leads to more positive expectancies about effects of smoking, more favorable perceptions of smokers, and a greater tendency to affiliate with teens who smoke, [38] [39] [40] all factors that increase risk for smoking. Along with repeated exposure to movie smoking, these processes may work in concert to reinforce smoking behavior until adolescents reach a point where they crave nicotine and become dependent. 41 This explanation is based on the assumption that it is the smoking in movies that prompts adolescents to smoke, an explanation that is simplest and fits best with social cognitive theory and the present analyses, which controlled for other characteristics of the adolescent and his media environment (eg, where he mainly sees movies and who he sees them with). Still some caution about causal inference is indicated in any observational study, and further research is warranted using epidemiologic designs and controlled laboratory studies to explicate the mechanisms through which movie-smoking exposure influences earlier and later stages of adolescent smoking.
Another notable finding is effect modification by sensation seeking, with adolescents who are low on sensation seeking being most responsive to movie-smoking exposure whereas adolescents who are high on sensation seeking showed less response. It has been known for some time that a high level of sensation seeking predicts substance use [42] [43] [44] [45] and high media use. 21, 46 However, moderation effects have been less studied, and we are not aware of previous research documenting lower responsiveness to pro-substance use media messages among high sensation seekers. It is possible that low sensation seekers have relatively little exposure to risky behavior, hence are more influenced by viewing smoking models in movie situations. 47 There may also be a convergence of personality and social risk factors among the high sensation seekers such that exposure to movie cues has less additional impact for this group of high-risk teens. The fact that movie exposure influences established smoking among low-risk teens, who otherwise might not become dependent smokers, needs to be considered in terms of its implications for the prevention of adolescent smoking.
The study has some additional limitations that could be noted. The fact that data were based on self-reports of smoking (not biochemical measures) could pose a limitation, although empirical research has indicated that adolescent self-reports collected under confidential conditions have good validity. 48, 49 Other limitations involve sample selection and attrition. We cannot know whether those who cooperated in the baseline sample and those who refused differed in terms of their movie exposure history and propensity to smoke, and there was differential attrition of higher-risk participants. 50 While such attrition tends to work against finding significant effects for substance use, the fact that the longitudinal sample is different from the adolescent population could affect the generalizability of the results. However, it is important to point out that there is now a sizable published Adjusted hazard ratio Lower bounds, 95% confidence interval Figure 3 . Effect of sensation seeking on the effect of exposure to movie smoking. The black line reflects the established smoking hazard ratio comparing the 95th percentile with the 5th percentile of movie-smoking exposure. Sensation seeking is also scaled so that 0 equals the 5th percentile and 1 equals the 95th percentile for the distribution. The hazard ratio is adjusted for other media variables (movie-viewing venue, movies viewed per week, viewed movies with parent), social and other environmental influences (friend smoking, sibling smoking, parent smoking, poor school performance, parenting style, extracurricular activities), and characteristics of the adolescent (age, sex, parent education, race, tried smoking at baseline, and rebelliousness).
literature pointing to the generalizability of this finding in 5 published adolescent samples-4 in this country 2,3,5,7 and 1 in Germany. 51 In summary, this study demonstrated a relation between exposure to movie smoking and established smoking during adolescence, suggesting that this media exposure is an independent risk factor not just for trying smoking, but also for onset of more advanced stages of smoking. From a public health perspective, this study adds strong scientific support for the public health program Smoke Free Movies, which has been endorsed by the American Academy of Pediatrics, and which aims at reducing adolescent exposure to movie smoking through voluntary changes in how movies are rated. Pediatricians should support these efforts and encourage parents to limit movie viewing to no more than 2 movies per week as part of a set of general recommendations on media limits. 52 Our prior research has shown particular grounds for limits on viewing of R-rated movies by adolescents.
The necessary but too rapid subdivision into specializms and growing competition in every branch have, it would seem, been good for the technique but bad for the soul of medicine. 
